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INTRODUCTION AWD REVIEW OF LITERATURE 


Since the middle of the nineteenth century the etructare 
of the ventral nerve cord of invertebrate animale has been of 
interest to ebe fhe use of Faul Ebrlich's method 
of staining living nervous tiseue with methylene blue, the 
development of the method of eteining chrome hardened tigeue 
with a silver solution (01081, 1985), and the application of 
vom Bath's fixative (1696) have done much to make « detailed 
etudy of the internal organisation possible. 

Schneider (1902) dereribed the connectives of the cord 
of the crayfish (Zig. 1) ae bei elliptical in cross-section, 
peired, and somewhat flattened along the neighboring areas. 
There were seperated by a double septum of connective tiesue. 
Thie septum extended over the dorsal surface into and forming 
a part of the perineurium or binding tiseue lager surrounding 
the cord. This perinesrian wae only weakly developed and 
contained tho small celle of the second order of Leydig. 

Krieger (187961660) deroribed the abdominal ganglie as 
having great eimilerity one to another co that the morpholog- 
ical description of one would euffice for all, with the pos- 
bible exception of the eixth ganglion or the last one of the 
cord. He found an abdominal ganglion had a length of approx- 
imately 0.9 am. from the most anterior to the most posterior 


a 
delle, a totel length of 1.4 mm. inclusive of the connective 
tissue. Ite greatest width was 1.0 mm, and ite greatest 
height wae 0. 66 um. 5 

Krieger eas well as Schneider described two paire of 
merves going out from the ganglion, the more anterior pair 
leaving about 0.5 am. posterior of the most anterior cells 
ang about one fourth of the height above tke ventral floor. 
Corresponding to this firet pair of nerves were two fiber- 
bundles, the neuroplle, within the ganglion, one on each 
eide, which were connected with each other superiorly and 
anteriorly by a cowmiseursl strand of fibers. <A strand of 
coanective tiseae ales joined them across the lower anterior 
surface. Correcponding to the second pair of nerves, which 
left the ganglion approximately two thirds of the distance 
toward ite posterior end, wae another pair of bundles 2181 
lar to the first but which were located alightly higher with- 
in the ganglion. 4 third pair cf nerves went out from the 
cord about one millimeter back of the most posterior celle 
of the gumglion. schneider ae well as Krieger believed that 
the iret pair of nervot went to the ewinmerette while the 
eecond and third paire went to the musculature of the abdo- 
men, the second serving the muscles of the appendages and the 
third the other muscles of the region. The celle of the 
abdominal ganglia were of two sizes, The larger ones bad a 


6 

Glameter ss great as 0.17 wm. while the smaller were usually 
about 0.04 mm. in ie The larger celle were found in the 
anterior position. Small celle were crowded in among these 
large celle. The thoracic portion of the cord contained 
five gang 116 all very eluiler in structure to each other. 
The connectives separated above the suboesophogicel ganglion 
to go around the oesophagus, beyond which they end in the 
brain. | 

krieger ales showed four doresl giant aerve fibers in 
hie eros sections of the nerve cord of the crayfish. Their 
presence was further demonstrated by Retsiug (1690) by means 
of inter-vitem methylene bine staining. HRetsiue algo demen- 
strated giant fibers in the third pair of nervee. These 
were considered to be branches of the median giant fibers. 
The median and lateral giant fibers were thought to extend 
without breaks throughout the length of the cord. Johnson 
(1924) working on the crayfish (Cambarue) and the shrimp 
{(Pelaemonetes) showed that the lateral giant fibers were eeg- 
mented and that the giant fibers in the third pair of nerves 
epreng from cell bodies in the anterior ganglion. The latter 
were moter giant fibers evidently receiving impaler from the 
median and lateral giant fibere. By electrical stismlation 
It appeared that the giant fibers served to cause the vigor- 
ous flipping of the abdomen. ( Johnson, 1925 ). 
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Since the giant fibers have been studied in snnelide as 
well ae in the crayfish, a brief etatement of reeulte of 
these etudier may be considered for the sake of comparicon. 
Friedlaenier (1668) gave Leydig credit for the discovery of 
the giant fibere in the nerve cord of annelids. Jriedleenter 
Delieved thes to be neural in function and this wae later 
proved by the exgerimente of Soverd (1928), Yolton (1923), 
and Stough (1926). The cord of the annelid differed from 
thet of Camberur in thet ventral giant fibers were observed 
which appeared to have structure similar to the dorsal giant 
fibere. Another difference to be seen 1e that the median 
giant fibers of the earthworm are segmental while in Can 
barus they seem to be continuous. However, there were 
places in that of the earthworm where the fiber felled to 
show seghentation regularly. Stough (1920). by physiological 
methods denonetrated the polarity of the dorsal glant fiber 
to be In agreement with the conclusions of Johnson (1924) 
for Cembarus, that is, the medion fiber conducted pos ter- 
iorly and the lateral fibere tranemitted impuless anteriorly. 


PURPOSZ AND STAT T OF TRE PRO 


The purpose of thie paper is to further study the 
internal structure of the ventral cord of Cambarus, paying 
particuler attention to two pairs of conepicuous deres! 
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fivers that are interuediate in 613 between the giant fibers 
and the numerous small fibers of the cord; to reexamine the 
median giant fibers for possible eopita indicating a segmental 
organisation; and to observe fibere possibly corresponding . 
to the ventral giant fibers of the Annelids. 

The paired dorsal fibers have been illustrated by 
previous workers. ‘They may be identified in érawisge of 
crose eeciions by Erieger 107-1680] lying immediately be- 
neath the median glent fiberr of Astecuas Johnson (1924) in 
bie figures #26 to Sl, of the abdominal Sung lia of Canbaruse 
in cross- section showed there fibers. He aleo refers to some 
methylen blue steining of one dorsal pair in Falsenone tes, 
but they are not clearly seen in his crose-seetions of the 
cord of Palsemonetes and Crangon. 

4 search for ventral giant fibers in previous work on 
the crayfish revealed one medium sised fiber in a eros - 
section of a gonglion (Erieger, 1679-1860). Hetsius (1690) 
included a figure of the first abdominal ganglion of e tacus 
bearing fibere marked h“ and 1“ which might be eint lar to 
the fibere here being considered. However, since be did not | 
indicate by diagram or by desortption, it was impossible to 
Getermine their plane within the cord and eo to bomologise 
them. Thie wat also true of fibers h. i, J, X, aud 1 in 
figure 10 (Krieger, 1680] of the last ende Sam ien of 


dgtacus. Theee fibers have been inclusively designated by 
there investigators se nerely “Nervenfasern”. 

an examination of Allen's (1694) diegram of the nervous 
eye tem of the eubryo lobster howed severe] long fibers. 
However, since te did not show their post tion in the cord it 
ie not possible to determine if they are homologous to the 
fibers studied in this work. Mie fiber 4 (e) Ant. II, in 
figure E, sent a process anteriorly ac well as one poeter- 
lorly after having crossed tn the region of the second 
thoracic ganglion to the other sid» of ths cord. The pos- 
terior process extended into the sixth abdominal ganz 1100 
where it wae lost. Fiber 4 (a] th. I aleo branched, one 
process going posteriorly into the next ganglionic region 
and the other going to the cther side of the cord ani then 
into the sixth ganglion eleo. Fiver 4 (a) Th. II arose 
within the second thoracic ganglion, erossed the cord and 
proceeded posteriorly to the sixth ganglion. Allen was | 
unable to trace the fate of any of these epecifie fibers 
after their entrance into the sixth ganglion. 

Bo indication of fibers that would correspond to the 
dorsal paired fibers or the large ventral fibers of the 
crayfieh wae seen in the drewings of the fibers in certain 
ineesct larvae made by Bilton (1911, 1984). 


BETHODS AND MATERIALS 


the epecimene used in this studg were obtained some from 
@ildeat Creek and some from Pillsbury Crossing on Deep Creek, 
both near Hanbhattan, Kangas. Methylene blue stein was in- 
jected according to the method of Retzius (1690) but no 
etaining of the fibere studied wag obtained. For the greater 
part sections of the nerve dord prepared according to the 
vom Rath (1695) method (Johnson, 1924) were studied. 

the cords were studied by serial stone under a micro- 
scope. Bot ell the series were complete nor were ell the 
glide of each series of a nature that would permit study be- 
cause of shrinkage or faulty staining. However, by making 
serial drawinge of sections showing changer, a foir picture 
of the location and courses of the fibers could be secured 
by reconetructed Giagramp. 

Because of the difficulties encountered in the tracing 
of branching fibers within the sixth atdominel ganglion, 
series of thie were cut to a thickness of 60 microne in the 
case of three cords. Thie was, however, too great a thick- 
nese in one case to allow siudy and with the other two tore 
the staining bed been too light to enable their use. 


RECULTS a Blecuserone 
Dorsal felr of Intermediate Sise Fibers 


Retzul te, study of the curse of the large paired dor- 
eal fibere of the two species of erayfiech, Camberue virilie 
and Cambarue limoeus, indicated that they continued through 
the cord into the sixth genglion of the addominal region 
ehowing neither sepite nor branches. In the connectives 
these fibers (Fig. 2, 1 and ¥*) lie elightiy ventral to the 
median giant fibers until paet the third pair of nervet when 
they reeuze a poeition adjacent to the ventral surface of 
the median giant filere. Thie position wae retained into the 
genglion to the region of the second pair of nerver where 
they descended slightly to the position found in the anter- 
ior portion of the connectives. (fig. 3) 

Within the genglia the Y and !“ fibere rotated so that 
O- I am. from the anterior celle the Y fiber may lie ven- 
trally or even medially to the Y* fiber. (#ig. 3) While the 
degree of rotation var not cone le tent yet more or lees ro- 
tation occurred in each ganglion. Beyond the second pair of 
nerves, 26 about tbe place where the pair of fibere des- 
ended from the median giant fivere, the Y fiber again 
ebifved 8 ae to lie laterally and sometimes dorso-leterally 
to the r' fiber. Thie is the relationship found in the con- 
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ned tives for these fitere. 

In their cource through the cord the doreal fibers main- 
tained ao fairly content Mometer, being of about the same 
size within the ganglion ar within the e It vat 
nottecable. however, that their diene tor increased ae they 
extended posteriorly. Within the ganglia, accompanying 
fibers increased in size to such a degree thet it wae often 
Gifficult to distinguieh the pairec fibere that were being 
traced. (#ig. 3) There bert were segmental, however, and 
usually dirappeared within the ganglion. ‘Through the con- 
nectivese there add tional dorsal fibers mainteined à diameter 
much lere than thet of the dorsal peired fibers, agein allow- 
ing them to be seen ae a dintinct pair. 

The eixth abdominal genglion or the most posterior one 
of the cord discloreéd changes both in the non-brenching 
charecter and in the constancy of position of the dorsal 
paireé fibers. Four out of five serie of the th ganglion 
of the abdomen clearly showed lateral branching of the 1 
fiber (Fig. 4) to occur in thie ganglion. Im the firrt 
series the lateral tranches were given off at about 0.82 . 
in the fifth serie at 1.10 mm. for the right Y* fiber end 
1. 24 for the left one, in the eeventh cerice st 0.44 mm. on 
the right side and 0.62 wm. on the left 21d, end in the 
thirteenth the leteral branch of !“ fiber on the right eide 
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was sent out at 0. 37 m. and for the left side at 0.22 mm. 
These distances were meseured from the enterior celle of the 
Cam ien. In all four ineteances the ?“ fibere lay adjoining 
the mid-line of the ganglion and slightly ventral to the 
level of the medien giant fibers while the 1 fibers had moved 
to a lateral plane with the ¥’ fibers end had migrated out- 
ward uotil they ley almost directly below the lateral giant 
fibers. The lateral branch of the ¥* fibere in all cases 
paceed GorGally over the 1 fiber and sould be traced only a 
Short distance beyond the T fiber. (Fig. 4) 

In the firet seriee there could be obearved, in addition 
to the lateral branching of the Y' fibers, « branch from 
each one extending medially and ventrally. (Fig. &) Theee 
inward directed branches could only be traced a short dis- 
tence Cownward along the median line of the ganglion, and 
seemed to originate in about tho seme region of the fiber eae 
the lateral branches. 

In three of the five series of sections of the lest 
addominal ganglion studied 1t was possible to follow the 
dorsal paired fibers to their posterior termination. These 
showed a croseing over of the 1 fibere into the opposite 
wide of the ganglion. In one care { Figs. 6 and 7) it was 
possible to trace the erossed fibers se they continued 
anteriorly along the 1“ fiber of the other eide. These con- 
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tinust ion fibers were lost, however, without their showing 
cellular connections. the erossing-over of the fibers 
occurred slightly posterior to the point of the dividing of 
the laterel giant fibers and occupied « horizontal epace 
equal to the distance from the lateral line of the one median 
giant fiber to the extreme Iaterel border of the one on the 
other side of the genglion. Tn one series the 1 fiber in the 
right side of the gaaylion croered over to the left side and 
continued anteriorly for a very short distance. (Pig. 6) 
the ¥ fibere in ell other series diminished to non-traceable 
size elightly posterior to the place of the crossing over of 
the 1“ fibers. Ho cellular connections were observed for the 
1 fibere at the posterior ending. 

Dieeuesion: Johnson (1924) found this pair of fibers in 
the thoracic region of the cord of Cambaruc and suggested 
their being the same ac the fibers lying Gireetly ventral to 
the medien gisnt fiber in the abdomingel region. Fe pointed 
out that they eppesred to be non-eegmenial. Johnson also 
def eribed a Sigl non-segmented dorsal fiber extending from 
the posterior part of the thoracic serve cord to the third 
atdomingsl ganglion in Pelaemonetes. In hie paper dealing 
with the function of the giant fibers, Johneon (1926) showed 
that though the flipping of the abdomen occurred in anizale 
whoee cord had been cut and whose giant fibers had regener- 
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ated, the uropods did not fold over the telson as completely 
ae in the control snimsle. Thie belé true even under strong 
er etimuli. Apparently thie wae due to the loge of une tion 
of bers other than the giant fibere. Because the dorsal 
paired fibers are non-segwental and because they lie in close 
proximity to the medien gient fibers, the control of the 
folding of the uropods might be delegated to them. The der- 
al palred fibers may be aesoociative in function in that 
Girect contact with extending nervet war not indicated 
throughout thie inregtigetion. 


Large Ventrel Fibers 


Beeulte. ach connect ive throughout the cord possessed 
at least one ventral fiber that wae consistently larger than 
the median giant fiber. There fibers, unlike the dorsal 
paired fibers, were ctrictly segmental. ‘The number of these 
fibere decreased toward the posterior end of the abdoming] 
res ion s that only one to two such fibere extended from the 
fifth to the sixth ganglion, while the more anterior con- 
nectives bad from two to four of these large fibers. The 
large ventral fibere, in their course through the connective 
lay in the central region and elightly below the mid-point 
in a éoreal-ventral line. (Hig. 2) Bach ganglion showed 
these fibers becoming reduced to a seize that prohibited 


tracing in the anterior neuroplie opposite the firet pair of 
nerves. Hather than changing location near or at their end- 
ing, these fibers seemed to terminate in the gane plane in 
which they entered the gam lion. The fibers appeared to de 
rising from the floor in the region of the second pair of 
Gerves at One came to the ponterior region of the ganglion. 
It was of interest to note that both at the pointe of ending 
and of re-appesrance of these fibers, comepicuouely large 
vontral celle could be seen, the posterior group ueuelly 
being in paire occurring along the ventral balf of the 
lateral wall of the ganglion. It wee in thie region that the 
fibers firet appesred though no connections were to be seen 
between theee cells and the fibers under discuezion. (Fig. 3) 
aves tigation of two series of thoracic portions of the cord 
ehowed the ventral fibere to be present in mueh lerger num- 
bere than in the abdominal region, and to be segmental there. 
Discussion. the large ventrel fibers apparently are 
eegmental throughout the cord and seen to be variable ar to 
the number in any segment of the cord. Though thay might be 
ealled giant fibers because of their diameter, they hardly 
compare with the dorsal segmental gisnt fibere because of 
“the intervening dletances between fibers of each segment. 
Because they appear to end in the region of the firet pair 
of nerves and to originate at about the exit of the second 


pair of nervee, they seem to be aveociative motor fibers 


Joining one segwent vith the next por terlor segment. 
Giant Fivere 


At no place in thie investigation were septa seen to 
oceur in the median gient fibers. Close observation failed 
to disclose any one Tiber ventrally loeated that compared 
with the ventral Gland fiber of the earthrorn. 


conclusions 


The following conclusions may be drawn from these 
results: 

1. Zhet the pair of dorsal fibers of intermediate size 
are non-segmental, having neither septa nor laters] branches 
except in the last abdominal ganglion. 

2. That the pair of dorsal fiberg of Intermediate size 
branch laterally in the laet sbdomineal ganglion and that the 
more ventral and median fiber of the pair crosses over to the 
opposite side of the cord in the last ganglion. 

3. That the large ventral fibere are segmental end 
seguente of the cord may contain a variable number of there 
fibers. There fibere ariee from the ventral portion of the 
Gehglion opposite the second pair of nervee and proceed 
posteriorly into the next ganglion. 

4. That the ventrel Sieve may be termed gient fibers 
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because of their size only and not because of arrangement or 
similarity to other giant fibers. 

&. That the median giant fibers are not seguental, 
having neither branching fibere nor septa within the abdeo- 
minal region, and that there are no giant fibers in the oray~ 
fieh that correspond to the ventral gient fibers of the 
anne l ids. 
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Figure 1. Disgram showing the major structures of 
two abdominal ganglia and connectives from the dorsal 


surface. 
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Figure 2. 4 croes section of the cord through the 
eonnectivee between the third and the fourth 
abdominal ganglia showing the doreal pair of fibere 
of intermediate size, ¥ and 1, and two large ventral 
fibers, v. 


Figure 3. 4 croes section of the fourth sbdomina)] 
genglion in the region of the second peir of nerves 
‘showing fibers T and ¥', the dorsal pair, snd the 
large ventral fibere, v. 


Hote. Figures E- sre photomicrographa. Wagnification 
is 67 Giameters. 
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Figure 4. A cross section through the sixth ebdominal 
ganglion of series 1, 0.7 mo. posterior to the most 
anterior celle of the ganglion showing the dorsal peire 
of fibers, T and 1, with “ of the right side giving 
off the branch 1b. 


Figure 5. 4 oro section through the eixth abdominal 
ganglion of eeries 1, 0.16 m. beck of the most anterior 
celle, showing fibers T and 17, the “ fibers on each 
pide giving off branches, med. b, extending medially 
and ventrally. 


Figure 6. 4 cross section through the sixth ganglion 
of series 6, showing the croseing over of Y fibers and 
¥ fiber of the right Bide of the cord to the oppoeite 
side of the cord. 


Figure 7. 4 diagrammatic reconstruction of the crossing 
over of the fibers ssen in figure 6.in the sixth ab- 
Gominal ganglion. There sre no ansstomoses of the 
fibers or of their branches. 
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